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ABSTRACT 

Development of the Sandia Transportable Triggered Lightning Instrumentation Facility 
(SATTLIF) was motivated by a requirement for  the iri sifu testing of a munitions storage 
bunker .  Transfer  funct ions relating the incident flash currents to voltages, currents, and 
electromagnetic field values throughout the structure will be obtained for  use in refining and 
validating a l ightning response computer model of this type of structure. A preliminary 
shakedown trial of the facility under actual operational conditions was performed during the 
summer of 1990 a t  the Kennedy Space Center's (KSC) rocket-triggered lightning test site in 
Florida. A description is given of the SATTLIF, which is readily transportable on 3 single 
flatbed truck or by aircraft, and its instrumentation for measuring incident lightning channel 
currents and the responses of systems under test. Measurements of return-stroke current peaks 
obtained with the SATLLIF are presented. Agreement with data acquired on the same flashes 
with existing KSC instrumentation is, on average, to within -7 percent. Continuing currents 
were measured with a resolution of -2.5 A .  This field trial demonstrated the practicality of 
using a transportable triggered lightning facility for  specialized test applications. 

INTRODUCTION 

D u r i n g  1990, the Sandia Transportable 
Triggered Lightning Instrumentation Facility 
(SATTLIF) was designed, built, and fielded 
at the Kennedy Space Center's (KSC) rocket- 
t r i g g e r e d  l i g h t n i n g  tes t  s i t e  in Flor ida.  
D e v e l o p m e n t  o f  t h e  fac i l i ty  was jointly 
sponsored  by t h e  U.S. Army and  Sandia 
National Laboratories (SNL) to support the 
testing o f  a munitions storage bunker located 
a t  Ft .  McCle l lan ,  Alabama.  I n  that test, 
scheduled for  the summer of 1991, lightning 
will be triggered to  various points on the 
b u n k e r ' s  l i g h t n i n g  p r o t e c t i o n  sys t em 
(Figure I).  Both the incident flash current 
a n d  r e s p o n s e  v o l t a g e s ,  c u r r e n t s ,  and  
electromagnet ic  fields within the structure 
a n d  i t s  g r o u n d i n g  s y s t e m  w i l l  be 
simultaneously measured. The data will be 
used to improve and validate a detailed finite 
d i f f e rence  computer  model of the structure 
developed for  the Army by Electro Magnetic 
Applications, Inc. (EMA) [ I  1. 

S e l e c t i o n  o f  t h e  t r i gge red  l ightning 
t echn ique  ove r  t he  use of  a conventional 
large-scale capacitive puIser as a test source 
for  this application was based on at least two 
m a j o r  technical considerations. First, the 
inductance inherent i n  a large test object and 
its connections to the test source would result 

i n  3n inadequate rise rate of the test current 
t ha t  could  be de l ivered  by  a n y  pract ical  
p u l s e r .  S i n c e  r i s e  r a t e  is a d o m i n a n t  
control l ing factor  in the coupling process, 
t h i s  r e p r e s e n t s  a s e r i o u s  s h o r t c o m i n g .  
S e c o n d ,  o f  p a r t i c u l a r  impor tance  in the  
va l ida t ion  o f  t h e  compute r i zed  response 
modcl is the proper simulation of the natural 
dis t r ibut ion of lightning current throughout 
t h e  t e s t  o b j e c t ' s  s t r u c t u r a l  m e m b e r s ,  
g round ing  system, a n d  surrounding ear th .  
T h i s  d i s t r i b u t i o n  s i m p l y  c a n n o t  b e  
reproduced with a conventional test source. 
Given the present maturity of the triggered 
l ightning technique, which circumvents the 
above technical issues, it was chosen for the 
bunker test application. 

In  preparation for  the bunker  test, the 
SATTLIF was fielded during the summer of 
1990 3t KSC. I n  this way, the facility and its 
b a s i c  i n s t r u m e n t a t i o n  des igns  cou ld  b e  
validated under actual field conditions prior 
to procurement of the multiple data channels 
that  will be required for the 1991 test. A 
fur ther  benefi t  of the 1990 shakedown test 
was t h a t  a d d e d  responsibi l i ty  f o r  rocket  
o p e r a t i o n s ,  r a n g e  c l e a r a n c e ,  a n d  o t h e r  
administrative requirements could be left to 
KSC. F i n a l l y ,  o n c e  in  t h e  f i e l d ,  t h e  
opportunity was taken to acquire direct-strike 
d a m a g e  d a t a  o n  a l u m i n u m  a n d  s t e e l  
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Figure 1 .  Munitions Storage Bunker Triggered Lightning Test Configuration 

s p e c i m e n s  p r o d u c e d  b y  f u l l y  r eco rded  
l ightning. These particular experiments are 
presented  in  a companion  paper  in these 
proceedings [2]. The remainder of  this paper 
describes the SATTLIF and its performance. 

G E NE R A L D ESC R I PT IO N 

T h e  SATTLIF is housed in a 2O'x8'x8' 
s teel  ocean  cargo container  that has been 
converted to  an instrumentation shelter. This 
air-conditioned unit provides electromagnetic 
s h i e l d i n g  as w e l l  as sa fe ty  f o r  t h e  tes t  
personnel  and  ins t rumenta t ion .  A s ingle  
w i n d o w  i s  p r o v i d e d  to p e r m i t  v i s u a l  
observation of the launch and test area and 
optical  recording of the triggered lightning 
events.  T h e  fac i l i t y  subsystems include an 
ambien t  e lectr ic  f ie ld  monitor, video and 
c i n e m a t i c  p h o t o g r a p h i c  s y s t e m s ,  d a t a  
acquisition channels for  measuring both test 
i t e m  response and  the inc ident  l ightning 
( r e t u r n - s t r o k e  a n d  c o n t i n u i n g - c u r r e n t  
components) ,  data processing computer and 
p l o t t e r ,  pneumat ic  rocket  launch cont ro l  
s y s t e m ,  N a t i o n a l  L i g h t n i n g  D e t e c t i o n  
N e t w o r k  [ 3 ] ,  t e s t  r a n g e  r a d i o  
c o m m u n i c a t i o n s ,  a n d  an ex te rna l  power  
g e n e r a t o r .  T h e  e n t i r e  s e l f - c o n t a i n e d  
SATTLIF is readily transportable on a single 
flatbed truck or by aircraft and can be made 
opera t iona l  within one  or two days of  its 
arrival a t  a test site. Figure 2 shows the 
SATTLIF deployed at KSC 80 feet from the 
strike tower. 

Figure 3 is a diagram of the  SATTLIF 
subsystems. Except for  the short lines from 
the power generator and the antennas of the 
range communications and lightning detector 
systems, there  a re  no penetrations into the 
shelter (dot ted enclosure in the f igure)  by 
conductive lines. T h e  lightning measurement 
signals are  transmitted from the experiment 
over  f ibe r  op t i c  links (FOLs), and  rocket 
launch control is by pneumatic lines. Figure 
4 shows the interior of the shelter. 
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Figure 2. SATTLIF Deployed a t  KSC 
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T h e  ambient electric field is monitored 
by  a Mission Instruments Model EFS 100 
inverted field mill,  which produces an analog 
ou tpu t  of 0 to 210 V, corresponding to a 
220 kV/m field. This output is transmitted 
to  the  shelter via a d c  to IO-kHz Dymec 
frequency modulated (FM) FOL and is there 
scaled as desired and displayed on  a s t r ip  
char t  recorder. The field mill and its FO 
transmitter are powered from a rechargeable 
battery that provides for at  least 8 hours of 
continuous oDeration per charge. 

An IBM AT compatible computer with an 
I E E E  488 i n t e r f ace  is used  in  the  da ta  
acquisition system. Traces stored on LeCroy 
9400A digitizing oscilloscopes are transferred 
via the IEEE 488 bus to the computer where 
they can  then be analyzed, processed, and 
plotted. The  data can also be plotted directly 
on  an H P  7440 digital plotter. 

The video recording system includes ( 1 )  a 
Pulnix T M  545 high-resolution CCD camera 
(d i sab led  A G C  a n d  y = l  opt ions)  with a 
Vivitar 70- to 210-mm macro zoom lens, (2) 
a J V C  BR-S600U S V H S  v ideo  casse t te  
recorder,  (3) FOR-A VTG-33 video timer, 
and  ( 4 )  a Sony SSM-910 black and white 
monitor. The  video camera lens was operated 
a t  f / 2 2  w i t h  a n  a d d i t i o n a l  e i g h t - s t o p  
equivalent neutral density filter. A n  Action 
Master  500 high-speed 16-mm. cinematic 
c a m e r a  w i t h  zoom lens was opera ted  a t  
200 f rames  per second to  provide a 5-ms 
time resolution. 

A s ix  station electro-pneumatic rocket 
l a u n c h  c o n t r o l l e r  w a s  h o u s e d  i n  a 
10 .5 - in -h igh  rack  space  ad jacen t  to the 
observa t ion  window. Arming  pressure is 
applied by activating any one of the six key 
swi t ches .  All a r e  opera ted  by a single.  
common key, thereby ensuring that only one 
rocket can be armed at  a time. Panel lights 
indicate the status of each rocket: one light 
f o r  t h e  a rmed  c o n d i t i o n  a n d  a second ,  
SPENT,  l ight  to  ind ica te  tha t  the  proper 
l a u n c h  pressure has been appl ied to  the  
selected rocket. All activated SPENT lights 
remain lit until panel power is interrupted, so 
that a continuous indication is given of which 
rocke ts  have  been f i r ed .  T h e  pneumatic 
pressure source is located inside the shelter 
a n d  cons is t s  of a small  compressor  with 
integral reservoir. The operating pressure is 
95 psi. 

T h e  rece iv ing  e n d  of the  pneumat i c  
con t ro l  system ( the  Saf ing ,  Arming,  and  

Firing box) is housed in an 8"x8"x4" steel box 
with snap- t igh t  fasteners.  T h e  associated 
circuit is shown in Figure 5. The  PREARM 
and S A F E  shor t ing  plugs a re  provided as  
additional positive operational safety features. 

I 
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I 

1 M,r 
Figure 5. Rocket Launch Safing, Arming, 

and Firing Circuit 

A c t u a l  f i r i n g  of r o c k e t s  f r o m  t h e  
SATTLIF was not part  of the 1990 program. 
All rocket operations were provided at KSC 
by experimenters f rom the Centre DEtudes  
Nucleaires de  Grenoble (CENG) using their 
systems that are described elsewhere [e.g., 41. 
However, the SNL launch control system was 
fully deployed and was successfully tested in 
a11 safety modes with both dummy and real 
initiator squibs. 

The fac i l i t y  requi res  208 V ,  3-phase 
power.  Dur ing  t r igger ing  opera t ions ,  o r  
w h e n e v e r  a c o m m e r c i a l  s o u r c e  is  n o t  
available, this power is provided by a 25-kW 
diesel generator.  T h e  generator is located 
wi th in  25 feet  o f  t he  shelter.  For  safety 
r e a s o n s ,  t h e  c o n n e c t i n g  p o w e r  cab le  is 
provided with a shield that is connected to 
both the generator and the shelter, as well as 
to a ground rod. 

INSTRUM ENTAION 

A block diagram of the data acquisition 
instrumentation system is shown in Figure 6. 
I n  this configurat ion,  there  a re  two sensor 
packages: one fo r  the incident flash current, 
and a second for  measuring currents within 
some test item, which, in this case, was one 
of t he  d o w n  conductors  of the grounding 
cable gr id  below the  experiment  platform. 
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Figure 6. SATTLJF Data Acquisition Instrumentation 

Both  s e n s o r  packages were housed i n  
gasketed, EM-tight steel Hoffman boxes. 

In order to record both return-stroke and 
continuing-current components faithfully, 
two separa te  transmission and recording 
channels were used. For the return stroke, 
the output of a 0.5-mn T&M R-14000-20N 
coaxial current viewing resistor (CVR) was 
transmitted to the shelter over a NanoFast 
300-2A FOL. There the signal was recorded 
on a LeCroy 9400A digitizing oscilloscope 
channel and on a direct-record ( 1  MHz) 
channel of the Ampex 2300 tape recorder. 
Overall signal bandwidth was set by the 
164-ns rise time of the CVR, which, in this 
case, was selected on the basis of its energy 
handling capacity rather than rise time. A 
6-MHz filter was inserted as indicated in 
Figure 6 to improve signal-to-noise ratio. 
The LeCroy was operated in the segmented 
memory mode a t  an 80-ns sampling rate, 
thereby permitting the capture of the first 
200 ps of up  to eight individual return 
strokes per flash. A trigger level equivalent 
to 1000 A was selected. 

Due to the long duration and relatively 
low a m p l i t u d e  of  l igh tn ing  continuing 
currents, a separate data channel was used to 
record these components of the flash. In this 
c h a n n e l ,  t h e  o u t p u t  f rom t h e  CVR is 
amplified and clipped to pass only the signal 
equivalent of 1000 A or less. Diodes from 

the op amp input to ground clamp at 20.5 V 
to limit saturation caused by the return- 
stroke portions of the signal. The output 
f r o m  this  amplif ier  is transmitted via a 
Dymec Model 5717 F M  FOL that has a 
bandwidth of dc to I MHz. During the 1990 
trials, the signal was scaled and recorded on 
two LeCroy channels and on two 500-kHz 
F M  Ampex tape channels .  Use of two 
channels with sensitivities differing by a 
factor of ten increased the dynamic range of 
the measurement by 20 dB. As operated 
during the 1990 field trials, the selected 
attenuations yielded an overall measurement 
dynamic range from an approximate 2.5-A 
floor to the 1000-A saturation level. 

Both channel types (return-stroke and 
con t i n u ing -curren t)  are provided with end - 
to-end calibration features. The NanoFast 
system has a built-in calibration function that 
i s  a c t i v a t e d  v ia  f i b e r  o p t i c  l ink .  A 
pneumatically activated calibration system 
was implemented in the Dymec channel 
(F igure  6 )  to  inject  a f ixed-peak signal 
(clipped square wave) at the input of the 
FOL transmitter. 

Table I summarizes the set of common 
data measured simultaneously by KSC and 
SNL. The comparison includes only return 
s t r o k e s ,  s i n c e  t h e  a v a i l a b l e  KSC 
instrumentation does not record continuing 
current. The KSC peak currents in the table 
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were read from a set of hard,copy plotted on 
a 4-ps-per-division scale, which limited the 
accuracy with which those peaks could be 
es tab l i shed .  T h e  resul t ing differences 
between the two measurement sets has a 
mean of 7.4% and a standard deviation of 
5.9%. For example comparison, Figure 7 
shows the stroke currents of Flash 90-07 as 
measured by KSC and SNL. All the other 
data are similar. Figure 8 is a plot of the 
early portion of the first stroke of Flash 
90-07 with the actual sampled data points 
indicated. 

Table 1. Comparison of Stroke 
Current Measurements 

Shot Stroke Sandia KSC 
No. No. IP ( k A )  I P  (kA) 

90-07 1 24.5 22.6 
2 18.0 17.2 
3 23.5 22.3 

90-08 1 13.8 14.4 

90-09 I 16.5 16.0 
2 4.1 4.2 

90- 12 1 3.9 3.9 
2 15.8 13.4 
3 27.5 22.4 

90- 14 1 17.0 15.0 

During the 1990 tests, a baseline channel 
was tested that incorporated an experimental 
f e a t u r e  that was hoped would improve 
achievable dynamic range. This feature was 
t h e  i n s e r t i o n  o f  a "gain compression" 
a m p l i f i e r  w i t h  a n  o u t p u t  f u n c t i o n  as 
indicated in Figure 1 1  (in effect, a crude 
approximation of a logarithmic function). In 
principle, improvement in dynamic range 
results from this response function because 
the lower and higher amplitude portions of 
the input are amplified by different factors. 
I n  practice, the design functioned basically 
properly but two problems were encountered. 
F i r s t ,  b a s e l i n e  d r i f t  of the  a m p l i f i e r  
corrupted the data in a complicated way, 
since the various portions of the input signal 
w e r e  a f f e c t e d  b y  d i f f e r i n g  a m o u n t s .  
Recovery of the true waveform then required 
a generally unacceptable trial-and-error 
iteration in which the baseline of the raw 
digit ized data was adjusted prior to the 
application of t h e  unfolding algori thm. 
Second, digi t izat ion noise riding on the 
d i f fe ren t  port ions of the waveform was 
artificially distorted in the unfolded data. 
Figure 12 is an example of one (unfolded) 
m e a s u r e m e n t  of ground cable  c u r r e n t  
obtained with this arrangement. No further 
pursuit of this technique is planned for the 
p r e s e n t .  N e v e r t h e l e s s ,  w i t h  f u r t h e r  
development of a compensated amplifier with 
improved stability, the basic idea might still 
prove worthwhile for these types of tests. 

CONCLUSIONS 

An example of recorded cont inuing 
current is shown in Figure 9. Figure 10 is a 
similar example of Flash 90-03, a two-stroke 
flash with a single interstroke continuing 
current. Other examples are given in these 
proceedings (Ref. 2)  and in Reference 5 .  

Except for the type of sensor employed, 
measurements of lightning responses of a 
system under test can generally be made with 
the same basic type of instrumentat ion 
channel. One issue always of particular 
concern, however, is achieving sufficient 
o v e r a l l  d y n a m i c  r a n g e  f o r  s u c h  
measurements, which sometimes need to be 
performed on a one-shot basis and for which 
reliable predictions are often unavailable. In 
such cases, the penalty is the assignment of 
mult iple  recording channels  of  varying 
sensitivities to the same measurement point. 

The 1990 field trial of the SATTLIF 
demonstrated the general practical it y of using 
a transportable triggered lightning facility for 
s p e c i a l i z e d  t e s t  a p p l i c a t i o n s .  T h e s e  
applications include, but are not limited to, 
cases in which test objects are either too 
large to be transported to a conventional test 
facility or cannot be driven adequately by 
such a facility. A further case involves the 
situation in which objectives require features 
in  the test current that cannot be obtained 
from a conventional simulation source. 

Lightning return-stroke and continuing- 
current components were recorded with high 
resolution by t h e  SATTLIF,  which was 
deployed 80 feet from the strike tower. The 
Dymec FM FO system used for the latter 
functioned well and reliably. Its stability 
proved so good that frequent calibration was 
found to be superfluous. The combination of 
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FM FOL and FM tape recording was so 
successful that, in future testing, digitizer 
channels  will be reserved solely for  the 
recording of faster phenomena. 

Additional examples of data obtained 
with the SATTLIF during these trials are 
available in  Reference 2, which appears in 
these proceedings. A fuller description of 
the facility and all the data acquired during 
1990 is available in Reference 5. 
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